r 

AD-A01 3 926 

FLIGHT  INVESTIGATION  OF  FIGHTER 
DEFLECTION  CHARACTERISTICS 

SIDE-STICK  FORCE- 

G.  Warren  Hall,  et  al 

Calspan  Corporation 

J 

Prepared  for: 

Air  Force  Flight  Dynamics  Laboratory 
May  1975 


DISTRIBUTED  BY: 


NililSi 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


9S6erOVrw 


245098 

' \' 

>'  APFDL-Tft-75-39 


1 FLIGHT  INVESTIGATION  OF  FIGHTER  SIDE-STICK 

< FORCE-DEFLECTION  CHARACTERISTICS 

. CALSPAN  CORPORATION 

P.  O.  BOX  235 

< BUFFALO , NEW  YORK  14221 


FINAL  TECHNICAL  REPORT  AFFDL-^TR-75-39 
MAY  1975 


This  report  has  been  reviewed  by  the  Information  Office  (Oi)  and  is  releas- 
able to  the  National  Technical  Information  Service  (NTIS).  At  NTIS,  it 
will  be  available  to  the  general  public,  including  foreign  nations. 


Reproduced  by 


NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

vi  S Deportment  of  Commerce 

5pringfie*d  YA  22151 


AIR  FORCE  FLIGHT  DYNAMICS  LABORATORY 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT— PATTERSON  AIR  FORCE  BASE,  OHIO  45433 


NOTICE 


When  Government,  drmwinga,  specification* , or  other  data  ere  timed  for  any  purpose 
other  than  in  connection  with  a definitely  related  Government  procurement  operation , 
the  United  States  Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever/  and  the  fact  that  the  government  may  have  formulated,  furnisher i,  or  in 
any  way  supplied  the  said  drawings,  specifications , or  other  data,  is  not  to  ha 
regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  pared  sslo.i  to  manufacture, 
use,  or  sell  any  patented  Invention  that  may  in  any  way  be  related  thereto. 


r 

I 

i 

i 


'V- 


This  technic  report  has  been  reviewed  and  is  approved  for  publication. 

Capt.  Jerry  B.  Callahan 
Project  Engineer 

FOR  THE  COMMANDER 
Evard  H.  FI inn 

Chief  Control  Criteria  Branch 

Air  Force  Flight  Dynamics  ’.aboratory 


Copies  of  this  report  should  not  be  returned  unless  return  is  required  by  security 
considerations,  contractual  obligations,  or  notice  on  a specific  docmsnt. 

Al  R FORCE/967  60/4  Aufutt  1679  - 400  , 4 


! 


UNCLASSIFIED 


•scuritv  cl  Attinc  ‘tio«  or  this  rale  rmtwi  />•>•  Em»,»o 


REPORT  DOCUMENTATION  PAGE 


1 OOVT  ACCtUKIH  NO. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  rORM 


AtarUNt'l  CATALOO  NUMRER 


AFFDL-TR-75-39 


4.  TlTLl  f«*4  Mtlllt) 

Flight  Investigation  of  Fightur  Side-Stick 
Force-Deflecti jn  Characteristics 


y authors 
G.  Warren  Wall 
Rogers  E.  Smith 


» TvRE  or  report  • rcmoo  coviRto 

"FINAL"  9/74-5/75 


4 PERFORMIN'  ORC  REPORT  NUMRER 

AK-5280-F-8 


ONTRACT  OR  GRANT  NOMBtRfiJ 

F33615-73-C-3051 


. PERFORMING  OROANIIATION  NAMl  ANO  AOOREM 

Calspan  Corporation 
P.  0.  Box  235 
Buffalo,  New  York  14221 


n.  controlling  office  name  and  address 

Air  Force  Flight  Dynamics  Laboratory 
Air  Force  Systems  Command 
Wriaht- Patterson  Air  Force  Base,  Ohio  45433 


NCY  NAME  A ADOBE* %4U  liltbrmnt  from  Co*t  trilling  01hcm\ 


It  HFORT  DATE 

May  1975 


IS.  OECLASSiriC  ATI  ON  OORNGR  AOINO 
SCHEDULE 


It.  OlSTRlRuTION  STATEMENT  l-  l fAI«  Htporl) 


This  report  has  been  reviewed  by  the  Information  Office  (01)  end  is 
releasable  to  the  National  Technical  Information  Service  (NTIS) . At  NT’S, 
it  will  be  available  to  the  general  public,  including  foreign  nations. 


IT  DISTRIBUTION  STATEMENT  (ml  t*m  mAei  met  mntmrmb  in  &h>ck  }0.  i I dUlmrmnt  Irom  import) 


It  KEY  tOROS  (Cmnilmtm  on  rrnvmrmm  mtJm  il  n#r#i»»*7  and  idmntilv  h 

Aircraft  Flight  Controller 
Side  Stick  Controller 
In-Flight  Simulatior 


Handling  Qualities 
Variable  Stability  Airplane 


Alt  TRACT  rCmnrJm*  •"  f*fm  ml4m  II  nmcmumfY  14+ntilv  by  blmtm  numbmr) 

A flight  investigation  of  fighter  side-stick  controller  force-deflection 
characteristics  was  performed  using  the  USAF  NT-33A  variable  stability 
airplane  equipped  with  a variable  feel  side  stick.  The  simulated  airplane 
and  control  system  characteristics  were  representative  of  a modem  high 
performance  fighter  employing  a side-stick  controller.  Up-wd-away  tasks 
(Flight  Phase  Category  A),  including  formation,  air-to-air  tracking  and 
| acrobatic  maneuvering,  and  landing  approach  tasks  (Flight  Phase  Category  C) 


DD  t'jTn  1473  EDITION  OF  I NOV  44  IS  OBSOLETE  ^ 


UNCLASSIFIED 


y JECURlTy  CLASSIFICATION  OF  This  RAGE  (R*l»n  !>.'*  Knlirtd) 


r 

I 

k 

UNCUSS  IF  IED 


( SCCUWtTV  CLAStlFIf.AT'OM  Of  THIS  *AO t(W*m  DMl 

I 

20.  (Cont.) 

were  evaluated  by  two  pilots.  Four  values  of  nonlinetr  pitch  and  roll 
side-stic*'  force-command  gain  resulting  in  different  lesponse  per  force 
ratios  were  ev-'.uated  with  different  side-stick  force-reflection  gradients, 
including  a rigid  side  stick.  F''r  the  particular  airplane  and  control 
system  dynamics  simulated,  the  b .*st  configurations  evaluated  for  both 
flight  phases  were  those  with  high  sensitivity  of  response  to  control 
i force  and  a small  amount  of  side-stick  motion.  The  rigid  side  stick  was 

! considered  satisfactory  (PRS3.S)  for  the  landing  approach  but  not  for  the 

up-and-away  flight  tasks.  For  the  up-a  id-away  tasks,  a small  amount  of 
motion  was  beneficial  in  smoothing  the  initial  response  and  improving  the 
flying  qualities  of  an  overly  sensitive  airplane. 


S*CU«lTY  CLASSIFICATION  0*  THIS  NAGef»?w«  Drnrrn  Enffd) 


FOREWORD 


This  report  was  prepared  for  the  United  States  Air  Force  by  Calspan 
Corporation,  Buffalo,  New  York  in  partial  fulfillment  of  Contract  F3361S-73- 
C-3051 , Project  No.  82190426,  Task  7.  Three  prior  technical  reports  have  been 
published  taider  this  contract  which  are  concerned  with  in-flight  simulation 
investigations:  AFFDL-TR-73-139,  AFFDL-TR-74-9,  and  AFFDL-TR-74- 110. 

The  program  was  performed  by  the  Flight  Research  Department  of 
Calspan  under  the  sponsorship  of  the  Air  Force  Flight  Dynamics  Laboratory,  Air 
Force  Systems  Command,  Wright-Patterson  Air  Force  Base,  Ohio.  Captain  Jerry  B. 
Callahan  (AFFDL/FGC)  was  the  USAF  project  engineer  and  Captain  Richard  E. 
Ruffing  was  the  project  manager.  The  evaluation  flying  was  performed  at 
Edwards  Air  Force  Base  in  October  1974. 

The  work  reported  in  this  document  represents  the  efforts  of  a 
number  of  pe^-ons  whom  the  authors  wish  to  acknowledge:  Major  Fred  Porter  and 

Captain  Charles  Walls,  USAF,  the  evaluation  pilots;  Mr.  Robert  P.  Harper,  Jr. 
who  was  the  project  safety  pilot;  and  Mr.  Ronald  W.  Huber  who  designed  the 
variable  stability  system  modifications  and,  along  with  Mr.  Thomas  J. 
Franclemont , performed  the  necessary  calibrations  and  maintenance. 


This  report  is  being  published  separately  as  Calspan  Report  No. 
AK-5280-F-8  and  was  submitted  by  the  authors  in  March  of  1975. 


iii 


table  of  contents 


Section  Page 

I INTRODUCTION  1 

II  TECHNICAL  DISCUSSION  3 

III  DESCRIPTION  OF  THE  EXPERIMENT 6 

3.1  Configuration  Definition 6 

3.2  Control  System  Mechanization 9 

3.3  Feel  System  Mechanization 12 

3.4  Summary  of  Configuration  Characteristics 12 

3.5  Evaluation  Pilots  17 

3.6  Evaluation  Procedures  21 

3.7  Equipment . . 23 

3.7.1  NT-33A  Aircraft 23 

3.7.2  Variable  Feel  Side-Stick  Controller 23 

IV  DISCUSSION  OF  EXPERIMENTAL  RESULTS  27 

4.1  Close  Formation  Task 27 

4.2  Air-to-Air  Tracking  Task 29 

4.3  Gross  Maneuvering  Task 29 

4.4  Overall  Up-and-Away  Fighter  Mission 

(Flight  Phase  Category  A)  29 

4.5  Additional  Configurations  34 

4.6  Landing  Approach  Tasks (Flight  Phase  Category  C)  . . 38 

V CONCLUSIONS 43 

VI  RECOK»*ENDATIONS 44 

APPENDIX  A - PILOT  COWENTS 45 

t 


v 


LIST  OP  ILLUSTRATIONS 


K 


Figure  P ago 

1 Configu  *ation  Matrix  for  Both  the  Up-tnd-Away  and 

Landing  Approach  Tasks  . 8 

2 Mechanisation  of  Pitch  Command  Channel 10 

3 Mechanization  of  Roll  Command  Channel 11 

4 Feel  System  Mechanization 13 

5 Control  Force-Response  Gains,  Up-and-Aaay 

(Flight  Phase  Category  A) 14 

6 Control  Force-Response  Gains,  Landing  Approach 

(Flight  Phase  Category  C) 15 

7 Cooper-Harper  Pilot  Rating  Scale  ....  18 

8 NT-33A  Variable  Stability  Aircraft  24 

9 Variable  Side-Stick  Controller  Installed  in 

Variable  Stability  NT-33  25 

10  Side-Stick  Motion  Limits  26 

11  Pilot  Rating  G«ca  for  Formation  Task 28 

12  Pilot  Rating  Data  for  Air- to- Air  Tracking  Task 30 

13  Pilot  Rating  Data  for  Gross  Maneuvering  Task 31 

14  Overall  Pilot  Rating  Data  for  Up-and-Away  Fighter 

Mission 32 

15  Typical  Pilot  Comments  for  Up-and-Away  Fighter  Mission  ...  35 

16  Effect  on  Overall  Pilot  Rating  of  Decreasing  ?sp 36 

17  Effect  on  Overall  Pilot  Rating  of  Increasing  rR  37 

18  Pilot  Rating  Data  for  Landing  Approach  Tasks  39 

19  Typical  Pilot  Comments  for  Landing  Approach  Task., 42 


1 


vi 


GLOSSARY  OF  SYMBOLS 


'Tee 


9 

h 

**s 

*FS 


S 

V 


&J3 


4 

Sfi 

<r 

<v 


Aileron  side-stick  force,  positive  to  the  right  (lb) 

Elevator  side-stick  force,  positive  for  a pull  (lb) 

RuHder  pedal  force,  positive  for  right  rudder  (lb) 

Acceleration  of  gravity  (ft/sec‘) 

Altitude  (ft) 

Nonlinear  aileron  force  comnand  gain  (deg/lb) 

Nonlinear  elevator  force  command  gain  (deg/lb) 

Steady-state  feel  system  gain  (deg  or  in. /lb) 

Nonlinear  steady-state  gain  of  transfer  function 

Nonlinear  steady-state  gain  of  /fgs  transfer  function  (■•’s/lb) 

Yawing  acceleration  per  lb  of  rudder  pedal  force  (rad/sec“/lb) 

Normal  acceleration  at  center  of  gravity, 
positive  for  a pull-up  (g's) 

Steaay-state  normal  acceleration  change  per  unit  angle  of 
attack  change,  for  constant  speed  maneuvering  (g's /rad) 

Laplace  operator  (1/sec) 

Trimmed  true  airspeed  (knots) 

Aileron  side-stick  deflection  at  palm,  positive  to  the  right 
(deg  or  in. ) 

Aileron  deflection,  radians 

Elevator  side-stick  deflection  at  palm,  positive  aft  (deg  or  in.) 
Elevator  deflection,  radians 

Rudder  pedal  deflection,  right  pedal  positive  (.in.) 

Dutch  roll  damping  ratio 

Phugoid  damping  ratio 

Short-period  damping  ratio 

Damping  ratio  of  second-order  numerator  term 
in  f/FAs  transfer  function 

Pitch  attitude  (rad) 

Roll  mode  time  constant  (see) 

Spiral  mode  time  constant  (sec) 

Airframe  lead  time  constant  in  6>//Vs  constant  speed 
transfer  function  (sec) 


vii 


GLOSSARY  OF  SYMBOLS  (cont.) 


[ 

\ 


t 

\ 


I M id 

*>d 

***** 


Roll  attitude  (rad) 

Absolute  value  of  control  fixed  roll-to-sideslip 
ratio  evaluated  at w ■ 

Putch  roll  undated  natural  frequency  (rad/sec) 

Phugoid  undajsped  natural  frequency  (rad/sec) 

Short  period  undaaped  natural  frequency  (rad/sec) 

Undanped  natural  frequency  of  second-order  nuaterrtor 
term  in  transfer  function  (»sd/sec) 


ILS  Instrument  landing  system 

PIO  Pilot-induced  oscillation 

PR  Pilot  rating  (Cooper-Harper  Scale) 


viii 


Section  1 


INTRODUCTION 

Acceptance  of  the  idea  of  using  electrical  commands  as  the  primary 
or  sole  aeans  for  a pilot  to  control  his  airplane  makes  feasible  the  use  of 
small  side-stick  controllers  in  operational  aircraft.  The  use  of  a side-stick 
with  electrical  commands,  nonlinear  gains,  command  prefilters,  response  feed- 
backs and  signal  shaping  gives  the  designer  a large  number  of  parameters  to 
manipulate  to  achieve  good  flying  qualities.  These  options  also  present  the 
research  community  with  a vast  number  of  combinations  of  system  elemerts  to 
consider,  especially  if  there  are  significant  interactions. 

In  such  situations  economic  considerations  force  experimenters  to 
limit  the  scope  of  any  particular  investigation  by  selecting  what  are  hoped 
to  be  representative  values  of  many  of  the  system  elements,  which  are  then  held 
constant  while  parameters  of  primary  interest  are  varied  in  the  experiment. 

The  primary  area  of  interest  in  this  in-flight  investigation  was 
side-stick  force-deflection  characteristics.  The  major  question  was  whether  it 
was  necessary  or  desirable  for  a side  stick  controller  to  have  motion  for  goc i 
flyinj  qualities.  A secondary  question  was:  if  motion  was  found  desirable, 

how  much  motion  is  required  and  should  the  &r.nmt  of  motion  be  different  for 
flight  phases  and  piloting  tasks? 

A flight  test  program  was  designed  using  the  USAF  variable  stability 
NT-33A  airplane  with  its  variable  feel  side-stick  controller.  A configuration 
representative  of  u modem  high-performance  fighter  was  used  as  the  base  for 
evaluating  several  values  of  side  stick  motion  and  aircraft  control  gain  values. 
The  up-and-away  tasks  (Flight  Phase  Catagory  A)  of  formation,  air-to-air 
tracking  and  acrobatic  maneuvering  and  the  landing  approach  tasks  (Flight  Phase 
Category  O were  evaluated.  Two  experienced  test  pilot',  evaluated  a total  of 
thirty-nine  configui ations. 


1 


This  report  includes  a description  of  the  experiment,  evaluation 
procedure,  equipment  used  and  the  airplane  and  control  system  parameters  varied. 
The  experimental  results  are  presented  in  the  form  of  pilot  comments  and  pilot 
retings 
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Section  II 


T.J'TilCAL  DISCUSSION 


Several  questions  have  arisen  from  current  experience  with  fixed, 
force -command  side-stick  controllers.  Most  notable  of  these  is  whether  a fixed 
side  stick  provides  adequate  cues  to  the  pilot  or  if  some  displacement  is  re- 
quired or  desirable  in  certain  flight  tasks.  Thus  the  primary  purpose  of  this 
flight  test  program  was  to  specifically  evaluate  force-deflection  character- 
istics of  a side  stick  controller.  The  economic  constraints  of  the  program, 
however,  required  that  a number  of  airplane  and  control  system  parameters  be 
held  constant  during  the  evaluation  program.  Many  of  these  parameters  can  have 
a significant  influence  or.  the  desired  force-deflection  characteristics. 

Pitch-roll  harmony  is  one  aspect  that  is  a r complex  result  of  the 
controller's  force  and  deflection  characteristics  in  the  two  axes  together 
with  the  vehicle  response  magnitude  and  dynamics  in  both  axes.  Because  of  the 
large  interactions  involved,  which  conplicate  experimental  definition  and  design 
specifications  of  control  "harmony",  many  different  combinations  of  pilot-force 
airplane-response  characteristics  i"  pitch  and  roll  together  with  combinations 
of  force-deflection  characteristics  would  have  had  to  be  tested  to  define  good 
and  bad  control  harmony.  Consequently,  in  this  experiment  the  "control  harmony" 
was  selected  from  previously  evaluated  configurations  for  a fixed  side  stick. 

Two  values  of  control  stick  deflection  were  selected  for  each  axis  from  pre- 
viously flown  configurations:  a small  motion  value,  selected  to  provide  a 

small  but  barely  noticeable  amount  of  motion,  and  a larger  motion  value 
selected  to  provide  a noticeable  but  not  oojectionable  or  unrealistic  amount 
of  motion. 


Nonlinear  command- response  relationships  are  quite  common  in  the 
latest  generation  of  fighter  type  airplanes.  Thes*  nonlinear  command  gains 
have  been  tried  ir  an  attempt  to  avoid  overs.iritivity  for  small  inputs  while 
also  making  avai.able  maximum  vehicle  maneuver  capability  without  excessive 
force  requirements.  Another  way  to  alleviate  the  problem  of  high  sensitivity 
is  by  using  command  prefilters  which  limit  the  bandwidth  of  pilot  commands. 


There  may  also  be  considerable  interactions  between  the  effects  of  nonlinear 
gains  and  command  prefilters  in  terms  of  their  effects  on  the  control  sen- 
sitivity characteristics.  For  this  program,  a linear  spring  gradient  in  combi- 
nation with  a set  of  nonlinear  command  gains  and  two  different  pitch  command 
prefilters  (one  for  up-and-away  flight  and  another  for  the  landing  approach) 
were  used.  A description  cf  the  command  nonlinearities  and  the  characteristics 
of  the  two  command  prefilters  is  given  in  Section  III.  Still  another  non- 
linearity that  can  have  a strong  influence  on  the  acceptability  of  the  force- 
deflection  characteristics  of  a controller  is  the  breakout  force,  and  the  slop 
or  hysteresis  in  the  system.  Again,  a representative  breakout  force  in  each 
axis  was  selected  and  remained  fixed. 

Force  commands  were  used  in  this  experiment  even  when  the  side  con- 
troller had  movement.  This  was  purposely  done  to  insure  chat  the  control 
command  gains,  i.e.,  airplane  response  per  force  input,  remained  constant. 

Since  the  side-stick  mass  and  damping  effects  were  small  when  the  stick  was 
allowed  to  move,  i.e.,  the  feel  system  dynamics  were  sufficiently  "fast",  the 
applied  force  and  stick  deflection  are  related  essentially  by  the  static  spring 
gradient.  In  this  case  it  makes  little  difference  to  the  open-loop  dynamics 
whether  force  or  deflection  is  used  as  the  command  signal.  Since  the  pilot  is 
capable  of  sensing  force  and  deflection  independently,  the  type  of  command 
input  could  have  an  affect  on  the  closed-loop  dynamics.  However,  for  the 
relatively  small  stick  deflections  evaluated,  the  feel  system  dynamics  were 
not  expected  to  have  a major  influence  on  this  experiment. 

The  physical  characteristics  of  the  controller  also  can  have  an 
influence  on  the  pilots  evaluation  of  the  force-deflection  characteristics. 

The  pivot  point  about  which  the  motion  occurs  has  been  found  to  be  important, 
as  well  as  the  size  and  shape  of  the  controller  grip.  The  size  and  location 
of  the  arm  rest  can  limit  the  motion  capability  of  the  wrist,  especially  for 
combined  pitch  and  roll  inputs.  The  acceptability  of  the  force-deflection 


characteristics  can  also  be  influenced  by  the  need  for  trie.  and  the  type  and 
location  of  the  trim  control  mechanism.  Several  types  of  trim  systems  need  to 
be  evaluated:  autotrio,  rate  or  position  trim  and  series  or  parallel  action. 

In  this  experiment,  the  side-stick  grip  with  an  adjustable  arm  rest  duplicated 
one  in  a current  high  performance  fighter  airplane.  A four-position  trim 
button  provided  rate  trim.  When  the  controller  had  motion,  trim  inputs  were 
reflected  in  the  controller  position. 

Controller-to-control-surface  gearing,  or  control  gain,  can  have  a 
major  influence  on  the  acceptability  of  the  stick  force-deflection  character- 
istics. Several  values  of  control  gain  were  evaluated;  this  was  a major 
parameter  in  this  experiment.  These  con  rol  gearings  were  based  on  configura- 
tions previously  evaluated  with  a fixed  side  .'tick  and  were  selected  to  pro- 
vide both  overly  sensitive  as  well  as  heavy  control  forces. 

Another  set  of  parameters  known  to  be  important  are  the  airplane 
dynamic  characteristics.  Of  particular  inportance  are  the  longitudinal  short 
period  frequency  and  damping  ratio  and  the  lateral  roll  mode  time  constant. 

In  this  experiment,  the  longitudinal  short  period  and  roll  mode  characteristics 
were  held  constant  at  values  which  should  give  good  flying  qualities  according 
to  MIL-F-8785B.  One  additional  evaluation  was  performed  with  a reduced  value 
of  short  period  damping  ratio  and  one  with  an  increased  value  of  roll  mode 
time  constant. 

As  evident  by  this  technical  discussion,  a complete  evaluation  of 
all  the  parameters  having  an  influence  on  the  pilot's  assessment  of  the  flying 
qualities  of  a particular  set  of  side  controller/ airplane  characteristics  would 
be  a major  undertaking.  In  order  to  design  a manageable  size  expr  ..ment  to 
produce  valid  results,  it  was  necessary  to  select  evaluation  parameters  and 
airplane-control  system  characteristics  from  past  experiments  or  from  known 
characteristics  of  operating  airplanes. 
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Section  III 


DESCRIPTION  OF  THE  EXPERIMENT 

The  variable  stability  NT-33A  airplane  with  its  variable  feel  stide- 
stick  controller  was  used  to  investigate  the  influence  of  side-stick  notion 
and  force -response  gain  on  the  pilot's  assessment  of  the  flying  qualities  of 
a high-performance  fighter  type  airplane.  The  up-and-away  tasks  (Flight  Phase 
Category  A)  were  acrobatics,  formation  and  air-to-air  tracking  while  the  landing 
approach  tasks  (Flight  Phase  Category  C)  consisted  of  an  ILS  approach  and  touch 
and  go  landings. 

3. 1 Configuration  Definition 

Dynamic  characteristics  representative  of  a good  high-performance 
fighter  airplane  were  implemented  using  the  NT-33A  variable  system.  The  air- 
plane dynamics  are  shown  in  Table  1 and  the  control  system  characteristics  are 
discussed  in  the  next  sections.  The  characteristics  of  the  variable  feel  side- 
stick  controller  were  varied  to  allow  evaluation  of  a fixed  controller  and  two 
sets  of  stick  motion  characteristics  for  different  values  of  control  force 
command  gain.  Force  commands  were  used  in  both  the  lateral  anu  longitudinal 
axes.  Therefore,  force -response  gains  such  as  steady-state  and  *«/> 

wero  unaffected  by  changes  in  feel  system  force /displacement  gradient.  The 
basic  layout  of  the  evaluation  matrix  is  shown  in  Figure  1.  Since  the  number 
of  evaluat4ons  that  could  be  performed  was  limited  by  available  funding,  it 
was  decided  to  vary  the  longitudinal  and  lateral  control  force  command  gains 
simultaneously  while  attempting  to  maintain  control  harmony  between  the  two 
axes.  In  addition  to  the  basic  airplane  configuration  defined  in  Table  1,  two 
other  up-and-away  configurations  were  evaluated  for  the  fixed  and  small-motion 
side  controller  at  the  medium  control  sensitivity.  One  configuration  included 
a reduction  in  longitudinal  short  period  damping  ratio  from  ■ 0.6  to  0.25 
and  the  other  looked  at  an  increase  in  the  lateral  roll  mode  time  constant  from 
■ 0.2  to  1.0  seconds. 
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j | TABLE  i. 

i DYNAMIC  QiARACTERISTICS  OF  SIMULATED  AIRPLANE 


Up- and- Away  Tasks 
(Flight  Phase  Category  A) 

Landing  Approach  Tasks 
(Flight  Phase  Category  C) 

V ft/sec 

300 

145 

h ft 

12000 

4000 

n^/ae  g/rad 

33 

7 

,/r«. 

2.1 

0.9 

aJSP  rad/sec 

5.0* 

2.2 

0.6* 

0.5 

C4jp  rad/sec 

.09 

.IS 

.05 

.05 

vK  sec 

.2** 

0.5 

Zs  sec 

o© 

oo 

oOj,  oOf  rad/sec 

3.2 

1.2 

Cd. 

0.4 

0.25 

\*/*L 

0.5 

3 

NOTE:  * reduce!  to  CSPm  0.25,  9 3*7  rad/sec, 

for  additional  configurations 
(See  Section  3.4) 

**  increased  to  1.0  secs  for  additional 
configurations  (See  Section  3.4) 

***  The  values  of  modal  parameters  are  strictly 
true  only  a\t  the  reference  V and  h • During 
maneuvers  the  values  vary  with  dynamic  pressure. 
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Side-Stick  Force-Response  6«1n 


O 


Motion 

deg/lb 

Force-Response  Gain 
lb/g,  lb/deg/sec 

Symbol 

Vfes 

6AS/FAS 

Symbol 

fES /"y  fa$/p 

F 

0 

0 

L 

S 

.50 

.77 

M 

H 

see  Figures 
5,  6 

L 

.91 

1.43 

VH 

L 

Figure  1.  Configuration  Matrix  for  Both  the  Up-and  Away 
and  Landing  Approach  Tasks 


8 


3.2 


Control  System  Mechanization 


The  pitch  and  roll  control  systems  for  the  simulated  airplane  were 
mechanized  as  shown  in  Figures  2 and  3.  Force  commands  were  used  in  both  axes 
to  command  the  appropriate  control  surface  servo  and  surface  deflection.  For 
those  configurations  whore  side-stick  motion  was  present,  the  feel  system, 
which  will  be  discussed  in  the  next  section,  was  in  parallel  with  the  force 
command  channel.  In  other  words,  pilot-applied  stick  force  commanded  stick 
motion  and  also  control  surface  motion.  The  stick  force/deflection  gradient 
and  the  control  surface  deflection  per  force  input  were  therefore  independently 
variable  in  this  experiment. 

Since  the  gearing  or  gain  between  stick  force  and  control  surface  was 
nonlinear  as  shown  in  the  schematic  of  the  control  system,  the  force- response 
gain  was  nonlinear.  The  details  of  the  nonlinear  stick  force  gain  in  pitch 
and  roll  are  presented  in  Section  3.4  where  the  evaluation  configuration  char- 
acteristics are  summarized. 

Two  first-order  20  rad/sec  filters  were  included  in  the  roll  axis  to 
suppress  unwanted  high-frequency  "noise"  in  the  roll  force  channel.  These 
filter  dynamics  are  felt  to  be  far  enough  removed  from  the  dominant  roll  dy- 
namics so  as  not  to  be  a significant  factor  in  the  lateral  control  response; 
however,  they  do  attenuate  high  frequency  force  inputs  and  cause  a small  delay 
and  high  frequency  phase  shift.  In  the  pitch  channel  two  different  first- 
order  filters,  one  for  each  flight  phase,  were  included  as  representative  con- 
trol system  dynamics  for  a highly  augmented  fighter  airplane.  A breakout  force 
of  i.O  lb  was  included  in  both  the  pitch  and  roll  connand  channels. 

The  rudder  command  channel  was  mechanized  in  a simple  linear  fashion 
using  position  commands  with  a very  high  force/displacement  gearing  to  effec- 
tively simulate  a force  command  system.  No  additional  control  system  dynamics 
were  introduced  into  the  rudder  command  channel. 
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To  Feel  System 
Position  Loop 


Figure  2.  Mechanization  of  Pitch  Command  Channel 


Figure  3.  Mechanization  of  Roll  Coumand  Channel 


3.3 


P—1  Sntw  Itoch— laatlom 


As  discussed  in  the  previous  section,  the  feel  system  was  mechanized 
in  parallel  with  the  force  command  channels  to  the  pitch  and  roll  control  sur- 
faces.  Hie  siqplifieu  block  diagram  shown  in  Figure  4 illustrates  this  con- 
cept and  doc  men  ts  the  force/displacemant  transfer  function  for  the  feel  sys- 
tems. Section  3.7 .2  discusses  the  features  of  the  side-stick  controller  in 
more  detail. 

> 

The  gradients  of  force  versus  displacement,  F/f  , used  in  this 
experiment,  along  with  the  identification  symbols  used  through  this  report, 

are: 


Symbol 

'/*>5 

Fgs  / &£S 

Fas  / &AS 

F 

Fixed 

Fixed 

S 

2.0  lb/dog  (27  lb/in.) 

1.3  lb/deg  (17  lb/in.) 

L 

1.1  lb/deg  (IS  ib/in.) 

0.7  lb/deg  (9  Jb/in.) 

NOTE:  Distance  from  side  stick  pivot  to  finger  reference  ■ 4.25  in. 

For  the  Rudder:  Fpp/6pp  ■ 120  lb/in.  anJ  Spp  limits  ♦_  0.5  in. 

3.4  lunoary  of  Configuration  Characteristics 

Since  nonlinear  gearings  were  used  in  pitch  and  roll,  the  steady- 
state  airj lane  responses  are  nonlinear  fuictions  of  the  stick  force.  The  com- 
mand force  per  steady-state  pitch  and  roll  response  are  plotted  in  Figures  5 
and  6,  for  the  two  flight,  phases,  in  the  form  of  elevator  stick  force  versus 
steed)*- state  normal  acceleration  ) *nd  aileron  stick  force  versus 

stoady-state  roll  rrte  ( )•  The  symbols  shown,  L,  M,  H and  VH,  will  be 

used  throughout  the  report  to  identify  the  levels  of  nonlinear  command  force- 


*ES,  6AS 


Airplane 

Response 


Figure  4.  Feel  System  Mechanization 
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f>%  deg/s (Steady  State) 


Figure  6.  Control  Force  Response  Gains,  Landing  Approach 
(Flight  phase  Category  C) 
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response  gains.  These  symbols  refer  to  light,  medium  or  nominal,  heavy,  and 
v**y  hoavy  side-stick  forces.  The  levels  are  for  identification  purposes  within 
this  experiment  and  should  not  be  considered  as  absolute  indicators  of  control 
force-response  gain  levels.  For  example,  the  configurations  identified  as  H had 
low  values  of  control  force  gain  and  therefore  the  stick  force  required  to 
achieve  a given  steady-state  response  was  heavy. 

The  rudder  control  sensitivity  used  was  approximately: 

Up-and-Away  Landing  Approach 

.004  rad/sec“ 


Each  configuration  consisted  of  a set  of  simulated  airplane  dynamics, 
a selected  pair  of  nonlinear  pitch/roll  command  force- response  gains  (L,  M, 

H or  VH)  and  a level  of  side-stick  controller  motion  (fixed,  F;  small,  S; 
large,  L) . Nine  configurations  were  evaluated  at  each  flight  condition,  plus 
four  additional  up-and-away  configurations  with  changes  in  longitudinal  short 
period  danping  ratio,  , or  lateral  roll  mode  time  constant,  . 

Summarizing  the  information  in  Sections  3.1,  3.2  and  3.3,  the  approxi 
mate  constant-speed  normal  acceleration  and  roll  rate  transfer  functions  for 
sidc-stick  force  inputs  are  listed  below: 


— .019  rad/ sec 


Up -and -Aw ay  (Fligh*  hasc  Category  A) : 


Fes 


r 

^6 


2(0.  6 )s  _ 
— + t 


2(0.7)  s 

<eO 


COHTiOt 
JKJ  TCM 


jyo*r  f>£/£/oo  cosvt*oc  S o'.*  f a c s 

SCKVO  OV/V/JAf/CS 


(—  + t 
\ 20 


)(■*•*')(& 


l/0.7)& 

60 


+ ( 


s rt  cat 
r<xc* 


tiOt-L 

MOVeT 


c truoc  Svti^Acc 

Se-e  VO  D V/VA  ft  AC  s 


I 
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Two  configurations  with  the  nominal  force -response  gain  (M),  one  with 
a fixed  stick  (F)  and  the  other  with  small  stick  motion  (S) , were  evaluated  with 
g*  reduced  to  0.25  (from  0.6).  In  addition,  the  same  two  nominal  configurations 
were  evaluated  with  XK  increased  to  1.0  secs  (from  0.2  secs).  In  each  case,  the 
command  channel  gains  were  adjusted  to  retain  approximate  1/  the  nominal  (NO 
steady-state  control  force -response  gains  shown  in  Figure  5. 


Landing  Approach  (Flight  Phase  Category  C) : 


2Z 


2(OS)s 

2.2 


* 1 


)( 


3 

dOi 


2(0.  7)  s 


i>0 


( To  + ')  + D 


2 (0.7)  s 
60 


* steady-state  nonlinear  gain  shown  in  Figures  5 and  6. 


3.5  Evaluation  Pilots 

The  two  evaluation  pilots  used  in  the  program  were  both  members  of 
the  U.S.  Air  Force  Test  Pilot  School  staff  and  have  extensive  flight  r \d  test 
pilot  experience.  Pilot  A had  over  4000  ours  total  flight  time  with  550  hours 
considered  flight  test  experience.  Pilot  B had  over  3800  hours  with  800  hours 
of  flight  test  experience. 

To  ensure  that  the  configurations  were  evaluated  against  a common 
criterion,  the  pilots  were  briefed  collectively  on  the  evaluation  tasks, 
maneuvers,  rating  scale  (Figure  7)  and  comment  cards.  Although  the  general 
experimental  design  was  discussed  during  the  pre -evaluation  briefing,  the 


pilots  were  not  given  prior  knowledge  about  the  specific  configurations  to  be 
evaluated . 


MMMTT 

cnummm 

MMNMTWPUT 

m aucm  tmk  m mmmm  mmtw* 

PUT 

MTM 

EaCtl*'* 

<)•*»•<>* 

Wot  co mppn—bor  rm  a factor  to 

desired  performance 

Good 

Ntghytwa  deficiencies 

toot  cempanadiion  no*  a factor  for 
deseed  pertomdnce 

f aw  — Sow*  ewidty 
unfHteeeni  deticmncies 

Mwwmai  f»to  compensation  roOMiHfl  to 
doewed  pertoeync  j 

Minor  but  annoying 
deficiencies 

Denied  performance  requite#  moderate 
pitot  compensation 

□ 

tode/eftir  obtectionab*# 
deficiency* 

Adequate  performance  requires 
consider  aw#  prfot  compensation 

□ 

Very  objectionable  Owl 
toterabt*  delicyncye 

pitot  compensation 

n 

Me  icy  deficiency* 

Adequate  performance  net  attainable  with 
maiimwm  totoabt#  pitot  compensation 
Control  leO«li<»  not  in  aoo*l*on 

□ 

M«icy  deficiency* 

ConeKtoabte  pito  compensation  ■*  iequ<r*d 
to  control 

1 

Mato*  OHir.itnctS 

intense  pilot  compensation  is  reowred  to 
retain  control 

El 

Meicy  deficiencies 

Control  Will  be  toei  during  some  portion  ol 
reposed  operation 

e Oeto-Myi  el  nre*  «i*o*>  .n»rt*wrm  amyn.*<><vi  nl  H^*i 

yW*  111  ■ •.!*»  *r<e— i'  i-r^g  cano-i-vn 

Figure  7.  Cooper-Harper  Pilot  Rating  Scale 


Pilot  comment  data  was  the  major  source  for  determining  why  a pilot 
liked  or  disliked  a particular  configuration  and  therefore  the  reasons  for  his 
pilot  rating.  The  pilots  were  instructed  to  make  pilot  comments  at  any  time 
they  wished  but  were  required  to  make  specific  comments  about  the  items  listed 
on  the  comaent  cards.  The  complete  pilot  comment  card  is  reproduced  below: 
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UP-AND-AWAV  PILOT  COMMENT  CARD 


Make  any  general  conment-  pertinent  to  evaluation 
(task  performance) 

Make  specific  comments  about: 

1)  Ability  to  trim  (did  you  trim?) 

2)  Stick  forces 

3)  Stick  motion 

4)  Control  harmony 

5)  Predictability  of  airplane  response  to 
pilot  inputs 

6)  General  airplane  control  (longitudinal  and 
lateral-directional) 

a)  During  close  formation,  pilot  rating 

b)  During  air-to-air  tracking,  pilot  rating 

c)  During  maneuvering  flight,  pilot  rating 

7)  Effects  of  turbulence 

Summary  comments: 

1)  Good  features 

2)  Objectionable  features 

3)  Special  piloting  techniques 

4)  Pilot  rating  based  on  mission  task 

5)  Give  primary  reasons  for  ratings 


LANDING  APPROACH  PILOT  CONSENT  CARD 


Hake  any  general  conments  pertinent  to  evaluation 
(task  performance) 

Make  specific  comments  about: 

1)  Ability  to  trim  (did  you  trim?) 

2)  Stick  forces 

3)  Stick  motion 

4)  Control  harmony 

5)  Predictability  of  airplane  response  to 
pilot  inputs 

6)  General  airplane  control  (longitudinal  and 
lateral-directional) 

a)  During  approach  to  runway 

b)  During  flare  and  touchdown 

c)  On  closed  pattern 

7)  Effects  of  tuxbulence/crosswinds 

Sinnmaiy  comments: 

1)  Good  features 

2)  Objectionable  features 

3)  Special  piloting  techniques 

4)  Pilot  rating  based  on  mission  task 

5)  Give  primary  reasons  for  ratings 


Pilot  A evaluated  all  of  the  configurations  and  Pilot  B evaluated  14 
of  the  22  configurations.  Sufficient  repeat  evaluations  were  provided  for  both 
pilots  to  dotendne  pilot  repeatability. 

3.6  Evaluation  Procedures 


The  evaluation  Mission  was  defined  in  the  context  of  a high  perfor- 
mance fighter  including  up-and-away  tasks  (Flight  Phase  Category  A)  of  forma- 
tion flying,  air-to-air  trackir  and  acrobatics,  and  landing  approach  *■  ks 
(Flight  Phase  Category  C)  consisting  of  an  ILS  approach  and  closed  pattern 
touch-and-go  landings. 

The  up- and- away  evaluations  were  performed  about  a nominal  speed  and 
altitude  of  300  kts  and  12,000  feet  with  a target  airplane.  Evaluation 
instructions  were  as  follows: 

(1)  Check  ability  to  trim. 

(2)  Perform  snail  maneuvers  about  level  flight  or  other 
maneuvers  to  obtain  familiarization  with  the  configuration 
and  to  investigate  the  acceptability  of  the  control 
system  sensitivities. 

(3)  Join  on  the  target  airplane  and  fly  loose  parade  formation. 
Tighten  up  the  formation  compatible  with  the  airplane 
handling  qualities  and  safety  considerations.  Drop  back 
and  fly  in  trail  formation  during  larger  target  airplane 
maneuvers . 

(4)  Assume  a "perch"  position  above,  behind  and  laterally 
displaced  from  the  target  airplane.  Close  and  track  the 
target  airplane,  at  ranges  between  1000  and  1S00  ft,  to 
obtain  steady  tracking  information.  Assume  an  offensive 
role  uhile  the  target  airplane  performs  defensive  maneuvers. 


K 


% 


(5)  As suae  a defensive  role  as  the  target  airplane  assumes  a 
perch  position  and  attests  to  close  and  track  the  NT-33A. 

(6)  Independent  of  the  target  airplane,  perform  sufficient 
rolling  and  overhead  acrobatic  maneuvers  to  assess  the  gross 
maneuvering  capability  of  the  configuration. 

(7)  Relinquish  control  of  the  airplane  to  the  safety  pilot, 
complete  the  pilot  comment  card  and  provide  separate 
Cooper-Harper  ratings  for  the  formation,  air-to-air  tracking, 
and  acrobatics  tasks  as  well  as  for  the  overall  configuration. 

The  landing  approach  evaluations  were  performed  at  a nominal  approach 
speed  of  145  kts.  The  evaluation  instructions  were  as  follows: 

(1)  Perform  small  maneuvers  about  level  flight  or  other  maneu- 
vers to  obtain  familiarization  with  the  configuration  and 
to  investigate  the  acceptability  of  the  control  system 
sensitivities. 

(2)  Perform  an  ILS  approach  to  a touch-and-go  landing. 

(3)  Operating  in  a closed  pattern,  perform  sufficient  touch- 
and-go  landings  to  evaluate  the  configuration  in  the  landing 
approach  phase. 

(4)  Relinquish  control  of  the  airplane  to  the  safety  pilot, 
complete  the  pilot  comment  card  and  provide  a Cooper-Harper 
rating  for  the  configuration. 
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3. 7 Equip— nt 

3.7.1  NT- 33A  Aircraft 

The  aircraft  used  for  the  flight  evaluations  was  tha  USAF  variable 
stability  NT-33A,  shown  in  Figure  8 and  described  in  detail  in  Reference  1. 
Briefly,  the  NT-33A  airplane  is  an  in-flight  simulator  capable  of  reproducing 
with  a high  degree  of  fidelity  the  dynaaic  response  and  control  system  charac- 
teristics of  an  entirely  different  airplane.  The  response  feedback  variable 
stability  systea  modifies  the  static  and  dynaaic  responses  of  the  basic  NT-33A 
by  coaauuiding  control  surface  positions  through  full  authority  elect rohydraulic 
servos.  The  front  cockpit  controls  are  disconnected  froa  the  NT-33A  control 
systea,  and  the  evaluation  conr-igurations  are  flown  froa  the  front  cockpit 
through  a fly-by-wire  control  systea.  A programmable  analog  computer, 
associated  aircraft  response  sensors,  control  surface  servos,  and  an  electro- 
hydraulic  force-feel  systea  provide  the  total  simulation  capability.  The 
safety  pilot  can  vary  the  coaputer  gains  through  controls  located  in  the  rear 
cockpit  and  thus  change  the  airplane  dynamics  and  control  systea  character- 
istics in  flight.  * 

3.7.2  Variable  Feel  Side-Stick  Controller 

The  elect rohydraulic  variable  feel  side-stick  controller  is  shown  in 
Figures  9 and  10  and  described  in  Reference  2.  This  side  stick  is  capable 
of  operating  as  a rigid  stick  with  force  coaaumds  to  the  aircraft  surface 
servos  or  it  can  be  operated  as  a moving  control  in  both  pitch  and  roll  with 
independently  variable  spring  gradients  in  each  axis.  When  stick  notion  is 
permitted,  the  control  surfaces  can  be  co—anded  with  either  control  force  or 
control  motion.  The  characteristics  of  the  side-stick  controller  can  be  varied 
by  the  safety  pilot  in  flight. 

1.  Hall,  G.W.  and  R.W.  Huber:  "System  Description  and  Perforaance  Data 
for  the  USAF/CAL  Variable  Stability  NT-33A  Airplane,"  AFFDL-TR-70-71, 

June  1970. 

2.  Hall,  C-.W. , R.W.  Huber  and  W.  Close:  "Development  of  an  Airplane 
Elect rohydraulic  Variable  Feel  Side-Stick  Flight  Controller,"  Caispan 
Report  No.  AK-S280-F-3,  September  1974. 
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Variable  Feel  Side-Stick  Controller  Installed  in  Variable  Stability 


NOLL  MOTION  PITCH 


Figure  10.  Side-Stick  Notion  Li«1t* 


Section  IV 


DISCUSSION  OF  EXPERIMENTAL  RESULTS 

This  section  summarizes  and  discusses  the  effects  of  variations  in 
side-stick  force-command  gain  and  stick  motion  on  the  flying  qualities  of  an 
advanced  fighter  aircraft.  The  results  of  the  experiment  which  was  described 
in  the  preceding  sections  are  in  the  form  of  pilot  ratings  and  pilot  comments. 

A complete  summary  of  the  pilot  ratings  and  pilot  comment  summaries  for  all  the 
tasks  evaluated  in  both  the  up-and-away  and  landing  approach  flight  phases,  is 
presented  in  Appendix  A. 

For  clarity  in  ascertaining  trends,  the  results  are  presented  in  the 
following  sections  in  the  form  cf  "averaged"  pilot  ratings.  The  individual 
pilot  ratings  are  also  shown  on  each  figure.  These  "averaged"  pilot  ratings 
represent  the  average  of  all  the  evaluations  for  a given  configuration  and  are 
therefore  sinple  averages.  The  first  sections  discuss  the  results  for  the  up- 
and-away  tasks  (Flight  Phase  Category  A}  followed  by  a discussion  of  the  landing 
approach  evaluations  (Flight  Phase  Category  C) . Two  general  observations  are 
worth  making  at  this  point:  at  no  time  did  the  evaluation  pilots  notice  the  non- 
linearity in  their  control  force  responses,  and  the  results  which  follow  were 
all  obtained  in  essentially  smooth  conditions  with  no  crosswinds  present. 
Insufficient  data  were  obtained  in  crosswinds  and  significant  turbulence  to 
warrant  inclusion  in  this  report,  however,  it  can  be  stated  that  crosswind:*  did 
tend  to  degrade  pilot  performance  and  pilot  rating. 

4.1  Close  Formation  Task 


As  discussed  in  Section  3.6,  the  evaluation  pilots  were  asked  to  give 
separate  pilot  ratings  (PR)  for  each  of  the  up-and-away  tasks  as  well  as  an 
overall  rating  for  the  mission.  The  averaged  pilot  ratings  for  the  close  for- 
mation task  are  presented  in  Figure  11  for  each  of  the  configurations  evaluated. 

For  the  configurations  evaluated  with  a fixed  side  stick  (F) , there 
is  a sharp  gradient  in  PR  with  variations  in  control  force  gain  with  the  nominal 
configuration  (M)  receiving  the  best  rating.  In  each  case,  the  introduction  of 
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Figure  11.  Pilot  Rating  Data  for  Formation  Task 


soat  stick  lotion  (S)  improves  the  rating,  particularly  for  the  case  with  the 
lightest,  force- response  gain  (L).  As  previously  explained,  the  force -response 
gain  and  motion  variations  were  Bade  siaultaneously  in  both  the  pitch  and  roll 
axes  of  the  side  stick.  Although  not  specifically  optiaized,  these  variations 
were  designed  to  retain  good  control  haraony.  The  results  further  indicate 
that  for  the  formation  task  the  pilot  is  insensitive  to  the  amount  of  notion 
present  after  the  initial  improvement  shown  with  the  smallest  motion  studied 
(S). 


4.2  Air- to- Air  Tracking  Task 

The  pilot  rating  results  for  the  air-to-air  tracking  task  evaluations 
are  shown  in  Figure  12.  This  task  was  more  demanding  in  terms  of  the  aircraft 
flying  qualities  than  the  formation  task.  Again,  the  ratings  for  the  fixed 
stick  (F)  show  a sharp  gradient  in  rating  with  the  nominal  configuration  (M) 
receiving  the  best  rating.  For  this  task  the  introduction  of  stick  motion  is 
clearly  beneficial  for  the  medium  (M)  and  lightest  (L)  force- response  gain  con- 
figurations, while  farther  increases  in  motion  result  in  a degradation  in  pilot 
rating. 


4.3  Gross  Maneuvering  Task 

For  the  acrobatic  or  gross  maneuvering  task,  the  results  are  very 
similar  to  those  presented  for  the  formation  task  and  are  shown  in  Figure  13. 

4.4  Overall  Up-and-Away  Fighter  Mission  (Flight  Phase  Category  A) 

Each  up- and- away  evaluation  was  svemiarized  in  the  form  of  an  overall 
pilot  rating  for  the  mission  which  consisted  of  the  three  tasks  previously  pro 
sented:  formation,  air-to-air  tracking  and  gross  maneuvering.  These  averaged 

overall  ratings  are  presented  in  Figure  14  for  each  configuration. 
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Figure  12.  Pilot  Rating  Data  for  Alr-to-AIr  Tracking  Task 
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Figure  13.  Pilot  Rating  Data  for  Gross  Maneuvering  Task 
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The  overall  results  for  the  fixed  stick  indicate  that  the  aircraft 
was  unsatisfactory  (PR£  3.5)  for  all  values  of  force-response  gain  tested; 
the  best  rating  was  again  the  nominal  value  of  force-response  gain  (M) . Although 
this  configuration  does  not  necessarily  represent  the  optimum  force -response  gain 
value  for  the  fixed  stick,  the  data  do  indicate  that  the  fixed  stick  is  very  sen- 
sitive to  the  value  or  force -response  gain  selected.  In  other  words,  the  range 
of  reasonable  values  of  force-response  gain  is  quite  restricted  for  the  fixed 
stick.  For  the  lighter  force-response  gain  cases  (L,  M) , the  primary  complaints 
were  centered  around  the  oversensitivity  of  the  pitch  axis;  whereas  for  the 
heavier  force -response  gain  cases  (H,  VH)  the  problems  were  related  to  heavy 
forces  and  overcontrolling,  particularly  in  the  roll  axis. 

In  all  cases,  the  addition  of  a small  amount  of  control  motion  (S) 
improved  the  PR,  particularly  for  the  lightest  force -response  gain  configura- 
tion (L)  where  the  rating  changed  from  PR  ■ 6.5  to  3.  In  this  case,  the  air- 
craft was  overly  sensitive  with  the  fixed  stick  but  the  small  amount  of  motion 
apparently  smooths  the  pilot's  input  insufficiently  to  reduce  the  initial  re- 
sponse to  a satisfactory  level;  the  stick  motion  apparently  acts  like  a filter 
on  the  pilot's  stick  force  input,  much  like  an  electronic  prefilter  would. 

Further  increases  in  control  motion  for  the  two  lighter  force-resnonse 
gain  cases  (L,  M)  result  in  a degradation  in  vhe  flying  qualities,  although  the 
gradient  of  the  changes  in  PR  is  small.  This  degradation  is  associated  with  a 
renewed  tendency  to  overcontrol  although  the  source  of  this  problem  is  not 
initial  abruptness,  as  is  the  case  for  the  fixed  stick,  but  sluggish  initial 
response.  The  excessive  motion  apparently  interferes  with  the  pilot's  force 
input  to  the  control  surface  to  an  extent  that  the  predictability  of  the 
response  is  degraded. 

For  a given  amount  of  motion  (S  or  L)  the  results  indicate  that  there 
is  no  gradient  in  PR  with  changes  in  force -response  gain  particularly  for  the  two 
higher  force -response  gains  tested  (L,  M) . This  result  is  in  contrast  to  the 
fixed  stick  cases  and  indicates  that  with  a little  motion,  a greater  range  of 
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force -response  gains  can  be  used  satisfactorily. 


Typical  pilot  comments  are  presented  in  Figure  15  while  the  results 
of  the  iq>-and-away  evaluations  (Flight  Phase  Category  A)  may  be  summarized  as 
follows : 

• The  fixed  side  stick  was  not  satisfactory  (PR  * 5.5) 
for  the  up-and-away  fighter  mission. 

• The  two  configurations  with  the  lighter  force -response 
gains  (L,  M)  were  improved  to  a satisfactory  rating 

(PR  5 3.5)  by  including  a small  amount  of  control  stick  motion. 

e Control  stick  motion  reduced  the  abruptness  of  the  initial 
response  and,  used  judiciously,  can  be  beneficial  in  im- 
proving the  flying  qualities  of  an  overly  sensitive  airplane. 

e Selection  of  the  valu  .£  control  force-response  gain  for 
a fixed  stick  was  more  critical  than  when  stick  motion  was 
present. 

e The  air-to-air  tracking  task  was  the  most  critical  of  the 
up-and-away  tasks. 

4.5  Additional  Configurations 

Two  configurations  with  nominal  force-response  gain  (M)  and  two  levels 
of  stick  motion,  fixed  (F)  and  small  (S)  were  selected  for  variations  in  short- 
period  damping  ratio,  , and  roll  mode  time  constant,  . The  results  of 
varying  from  the  nominal  value  of  0.6  to  0.25  are  presented  in  Figure  16; 

9 ^ 

Figure  17  shows  the  pilot  rating  change  with  a variation  in  from  0.2  to 
1.0  secs. 


In  both  cases,  the  effect  of  the  variation  is  most  pronounced  for  the 
fixed  stick  configuration  (F)  while  the  configuration  with  small  motion  shows 
little  change  in  pilot  rating.  While  the  data  base  is  obviously  limited,  it 
appears  that  a fixed  stick  is  more  ensitive  to  small  changes  in  characteristics 
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which  affect  the  precision  of  control.  Increases  in  impact  on  the  precision 
of  bank  angle  tracking  and  a reduction  in  degrades  the  predictability  of 

the  pitch  response.  A similar  trend  was  discussed  in  the  previous  section 
where  the  results  indicated  that  the  fixed  stick  configurations  are  more  sen- 
sitive to  variations  in  control  gain. 

In  summary,  then,  configurations  with  a small  amount  of  control  mo- 
tion are  apparently  less  sensitive  to  small  variations  in  parameters  such  as 
force- response  gain  than  the  same  configuration  with  a fixed 

side  stick. 

4.6  Landing  Approach  Tasks  (Flight  Phase  Category  C) 

For  the  landing  approach  evaluations,  each  pilot  flew  an  ILS  approach 
followed  by  several  touch-and-go  landings.  A single  overall  pilot  rating  was 
given  for  each  configuration  and  the  results  rre  presented  in  Figure  18. 

Both  pilots  were  highly  critical  of  those  configurations  that  were 
considered  to  have  heavy  forces  (low  control  gain).  Two  configurations  with 
heavier  than  the  nominal  force- response  gain  (H)  were  evaluated:  one  with  a 

; J contj  stick  (F)  and  the  other  for  a small  amount  of  motion  (S) . Both 
'figurations  were  given  a pilot  rating  of  6.  The  heavy  control  forces  were 
a factor  in  both  ratings;  however,  the  pilot  comments  indicate  slightly  dif- 
ferent problems.  With  the  fixed  controller  there  was  a tendency  to  bobble  the 
airplane  in  pitch.  With  the  motion  controller  there  was  also  a pitch  problem 
but  it  was  described  more  as  a tendency  to  over-rotate  and  balloon  during  the 
flare.  With  the  motion  controller,  the  pilots  complained  about  the  sloppy 
lateral  -'-'rv . . ar^  sidered  it  a major  objection  while  no  mention  was  made 
of  a lateral  control  problem  with  the  fixed  stick  and  heavy  forces. 

One  configv  *'on  with  very  heavy  forces  ( VH)  and  a fixed  stick  (F) 
was  evaluated.  This  .figuration  was  rated  unacceptable,  with  adequate 
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Figure  18.  Pilot  Rating  Data  for  Landing  Approach  Task 


performance  not  attainable  (PR» 7).  The  major  coaylaint  «u  th#  extremely  heavy 
forces  in  both  pitch  and  roll.  It  wns  considered  necessary  to  usa  trim  just  to 
flaro  th#  airplane,  and  th#ra  was  a problem  predicting  th#  respons#  in  pitch. 
Lateral  control  was  not  particularly  a problem. 

For  th#  noainal  (M)  fore#- response  gain,  three  configurations  were 
evaluated:  one  with  a fixed  controller,  one  with  a saall  aaount  of  notion 

and  a third  with  relatively  large  notion.  With  the  fixed  stick  (F) , one  pilot 
noted  that  the  control  forces  were  a little  heavy  and  thet  there  was  a slight 
tendency  to  PIO  in  pitch  during  the  flare  maneuver,  particularly  when  one's 
attention  was  diverted.  With  a saall  aaouit  of  notion  (S),  the  pilots  felt  the 
control  forces  were  light  with  a slight  tendency  to  over-rotate  or  overcontrol 
in  pitch  during  the  flare.  With  the  large  stick  notion  (L) , they  felt  the  air- 
plane was  slow  to  respond  because  of  the  large  notion.  Although  the  control 
forces  were  considered  coafortable,  the  large  stick  notion  was  objectionable 
but  not  as  auch  in  pitch  as  it  was  in  roll. 

At  the  lightest  force -response  gain  (L)  evaluated,  the  forces  on  the 
fixed  controller  were  considered  very  lijht  with  the  cosnant  that  you  had  to  be 
very  careful  with  your  control  inputs  due  to  the  high  sensitivity.  There  was 
also  a little  tendency  to  overcontrol  in  pitch  during  the  flare.  The  high 
force -response  gain,  snail  notion  (S)  controller  was  the  best  configuration 
evaluated  for  the  landing  approach  task.  The  pilots  reported  that  they  liked 
the  light  stick  forces  and  that  there  was  no  problem  at  all  with  the  flare  and 
touchdown  maneuver.  They  did  note  that  the  controller  notion  was  nore  noticeable 
in  roll  than  it  was  in  pitch.  With  large  controller  notion,  the  pilots  con- 
plained  about  the  excessive  stick  notion  and  noted  that  there  was  a tendency  to 
put  oscillatory  inputs  into  the  pitch  stick  during  the  flare.  This  resulted  in 
a tendency  to  overcontrol  in  pitch. 

In  the  landing  approach,  pilot  preference  favored  the  snail  notion 
side  stick  with  llgiter  than  nominal  force-response  gain.  All  of  the  configura- 
tions evaluated  with  the  fixed  side  stick  were  noted  to  have  sons  difficulty, 
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usually  described  as  a bobble  or  PIO  tendency,  in  controlling  the  pitch  re* 
sponse  during  the  flare  and  touchdown  maneuver.  This  is  indicative  of  a high- 
frequency  type  control  problea.  For  those  configurations  evaluated  with  notion 
that  had  a pitch  control  problea,  the  description  of  the  problem  indicates  more 
of  a low  frequency  control  problea.  It  was  also  observed  that  any  side  stick 
motion  was  always  aore  noticeable  in  the  roll  axis  than  in  the  pitch  axis. 

Typical  pilot  consents  are  presented  in  Figure  19.  The  results  of 
the  landing  approach  evaluations  (Flight  Phase  Category  C)  may  be  summarized 
as  follows: 

e The  fixed  stick  was  considered  satisfactory  for  the 

landing  approach  task  (PR  a 3.5),  provided  that  the  forces 
were  not  too  heavy. 

• The  configuration  considered  best  had  light  force- 

response  gain  and  a small  amount  of  control  stick  motion. 

e All  of  the  configurations  evaluated  with  the  fixed  stick 
had  some  degree  of  pitch  bobble  during  the  flare  and 
touchdown. 

e Largo  amounts  of  control  motion  were  more  objectional  in 
the  lateral  axis  than  longitudinal  axis. 
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Section  V 


CONCLUSIONS 

T^e  following  conclusions  are  based  on  an  in-flight  investigation  of 
the  effects  of  variations  in  control  Motion  and  control  force -response  gain  on 
the  flying  qualities  of  a modem  fighter  airplane  employing  a side-stick  con- 
troller. These  conclusions  must  be  considered  in  the  context  of  the  particular 
combinations  of  feel  system,  control  system  and  airplane  characteristics  simu- 
lated in  this  experiment. 

1.  The  best  configurations  evaluated  for  the  up-and-away  (Flight 
Phase  Category  A)  and  the  landing  approach  (Flight  Phase 
Category  C)  tasks  were  those  that  had  low  control  force- 
response  gain  and  a small  amount  of  side-stick  motion. 

2.  The  fixed  side-stick  controller  was  considered  satisfactory 
(PR  £ 3.5)  for  the  landing  approach  tasks  but  not  for  the 
up-and-away  flight  tasks. 

3.  For  the  up-and-away  tasks,  a small  amount  of  side-stick  motion 
was  beneficial  in  smoothing  the  initial  response  and  thus 
inproving  the  flying  qualities  of  an  airplane  that  was  con- 
sidered overly  sensitive  with  the  fixed  stick.  A properly 
designed  electronic  prefilter  could  possibly  achieve  the 

same  result. 

4.  Additional  research  is  required  which  includes  more  systematic 
variations  in  the  characteristics  of  the  various  elements  in 
the  overall  pilot-vehicle  combinations,  i.e.,  feel  system, 
control  system  and  aircraft  dynamics,  before  more  general 
conclusions  can  be  reached  about  side-stick  controller 
characteristics . 
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Section  VI 


REC0M4ENDAT I ONS 

The  desirable  force-deflection  chcracteristics  for  a fighter  side- 
stick  controller  are  influenced  by  Many  aircraft  and  control  system  parameters. 
Such  factors  as  command  pre filter  dynamics  deserve  more  systematic  study  than 
was  possible  within  the  limited  scope  of  this  experiment.  For  example,  the 
up-and-away  results  for  the  fixed  side-stick  evaluations  may  well  have  been 
isproved  with  altered  pitch  command  channel  prefilter  dynamics.  In  addition, 
desirable  control  harmony  characteristics  for  side-stick  controllers  are  not 
well  documented  and  should  be  studied  further.  It  is  therefore  recommended 
that  a more  thorough  in-flight  research  program  be  undertaken  to  provide  a 
more  coaplete  data  base  for  the  design  of  modem  fighter  side-stick  controllers. 


Appendix  A 
PILOT  COMMENTS 


This  appendix  presents  the  summarized  pilot  comments  for  each  con- 
figuration evaluated  in  this  experiment.  These  pilot  comment  summaries  were 
prepared  from  transcriptions  of  the  recorded  comments  made  by  the  pilot  during 
each  evaluation  in  support  of  his  task  and  overall  ratings.  Only  the  important 
comment  headings  fi’om  the  Pilot  Comment  Card  discussed  in  Section  3.5  are 
included  in  the  comment  summaries.  In  cases  where  comments  were  made  on  the 
"Effects  of  Turbulence"  or  "Special  Piloting  Techniques",  these  comments  are 
included  under  the  "Summary  Comment"  heading. 

The  control  force -response  gain/stick  motion  identifiers  for  each  con- 
figuration used  in  the  heading  block  for  each  set  of  comments  are  consistent  with 
those  presented  in  Section  3.  The  letters  "A"  and  "B"  after  the  configuration 
number  refer  to  the  evaluation  pilot,  while  "U"  indicates  up-and-away  (Flight 
Phase  Category  A)  and  "L"  landing  approach  (Flight  Phase  Category  C)  evaluation 
tasks.  The  pilot  ratir.gs  (PR)  for  the  up-and-away  evaluation  tasks  are  re- 
ported in  the  same  order  as  on  the  comment  card,  i.e., 

PR:  Format ion /Tracking/ Mane uve r in g/ Ove  r a 1 1 
For  the  landing  approach  evaluations,  only  a single  overall  rating  was  given. 
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GROSS  MANEUVERING 
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FLT  NO. : 
CONFIG. : 
FORCE/MOTION: 
PR:  S/7/6/6 


PILOT  COMMENTS 


- no  problems. 

- aileron  okay,  pitch  too  light. 

- no  comments. 

- poor,  can't  avoid  pitch  inputs  when  rolling. 

- tend  to  overcontrol  in  pitch  and  lateral, 
especially  in  turbulence. 

- overcontrol  in  pitch  - not  a real  problem, 
but  more  than  annoying. 

- pitch  control  a problem;  performance  poor. 


- no  problem  with  left  rolls  (using  palm  of  hand) 
but  right  can't  roll  as  fast  - must  be  careful. 

- pitch  forces  too  light,  overcontrolling. 

- too  sensitive  in  pitch. 

- control  harmony  poor. 

- turbulence  increases  overcontrol  tendency. 


15S3 

1UA 

L/F 
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PILOT  C0M4ENTS 


FLT  NO. : 
CONFIG.: 

FORCE /MOTION: 
PR:  7/8.5/ 6/7 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 


FORMATION 


AIR-TO-AIR 

TRACKING 


- difficult  to  triji  in  pitch  without 
inadvertent  inputs. 

- light  in  pitch. 

- not  noticed. 

- not  particularly  good,  too  sensitive  in  pitch. 

- pitch  sensitive  and  roll  a bit  stiff. 

- unable  to  prevent  inadvertant  pitch  inputs. 

- roll  okay. 

- difficult  to  hold  position  in  pitch,  tended  to 
overcorrect  and  get  into  a PIO. 

- control  in  pitch  in  question. 


GROSS  MANEUVERING  - not  as  bad  as  tracking,  but  requires  extensive 

compensation. 

SUMARY  - primary  objection  is  oversensitivity  in  pitch. 

- must  fly  very  sroothly. 

- difficult  to  trim  in  pitch. 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 


FLT  NO. : 1S57 
CONFIG. : 2UA 
FORCE/MOTION  L/S 

PR:  3/3/2/3 


PILOT  COMMENTS 


- no  problems. 

- good 

- not  noticed. 

- real  fine. 

- good. 

- tend  to  PIO  a little  when  attempting  tight  control. 

- best  tracking  to  date. 

- some  very  slight  lateral  pipper  oscillations. 

- good. 

- good  *'g"  control. 

- objected  to  slight  tendency  to  PIO  in  formation. 


SUMMARY 


PLT  NO. : 1559 
CONFIG.:  3UA 
FORCE/MOTION:  L/L 
PR:  4/6/ 3/5 


PILOT  CQXBNTS 


TRIM 

STICK  FORCES 
STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 


AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUMMARY 


- no  problea . 

- light. 

- excessive,  folt  like  e "wet  noodle", 
didn't  like  it. 

- no  problea,  both  poor. 

- not  as  predictable  as  desired,  response  was 
slow,  seeaed  delayed. 

- almost  in  a lateral  PIO. 

- tendency  to  ratchet  in  roll. 

- pitch  was  easy  to  control,  no  tendency  to 
overcontrol . 

- lateral  PIO  develops  when  tracking. 

- requires  extensive  compensation  for  adequate  performance. 

- roll  response  was  not  as  good  as  desired. 

- not  a problea. 

- pitch  control  light  and  predictable. 

• aileron  motion  too  large,  tended  to  overcontrol. 
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TRIM 

STICK  FORCES 
" TCK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUM4ARY 


FLT  NO. : 1565 
CONFIG. : 3UB 
FORCE/MOTION:  L/L 
PR:  2/5/3/ 4 


PILOT  COMMENTS 


- not  required. 

- light  to  moderate,  comfortable. 

- noticed,  felt  excessive  at  first,  but 
adapted  well. 

- good. 

- good  except  for  tracking. 


- little  bit  of  looseness  in  the  controls, 
but  nothing  particularly  bad. 

- could  acquire  the  target,  but  could  not 
stay  on,  slight  bobble  in  pitch. 

- little  excessive  on  the  amount  of  stick 
motion. 

- felt  comfortable  and  adapted  quickly. 

- tracking  at  low  speed  was  the  only  problem, 
feeling  of  sloppiness  in  the  stick. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUM4ARY 


FLT  NO. > 15S8 
CONFIG. : 4UB 
FORCE/MOTION  M/F 
PR:  S/7/4/7 


PILOT  COMCNTS 


- annoying  lateral  inputs  whan  trianed  in  pitch, 
had  to  trin  ■ora  than  dasirad. 

- heavy  in  pitch  and  quite  sensitive  laterally. 

- not  noticed. 

- lack  of  hareony  was  objectionable. 

- not  too  bad,  but  had  a tendency  to  overcontrol 
in  roll  for  snail  inputs. 

- quite  jerky  in  formation,  particularly  in  roll. 

- had  to  be  very  careful  of  pitch  inputs,  strong 
tendency  to  bobble. 

- roll  was  too  sensitive  and  had  to  work  too  hard 
in  pitch. 

- hobbling  in  pitch  during  tracking  was  a p rob lea. 

- hard  to  get  saooth  rolls,  was  jerky,  tended  to 
have  a step  response. 
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PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 


- no  problem. 

- slightly  light  in  pitch. 

- not  noticed, 
i.o  problem. 

gcn.-v; . 


FORMATION  - sensitive  in  pitch  with  a tendency  to  PIO. 

- using  nose  down  trim  tended  to  reduce  the 
tendency  to  overcontrol  in  pitch. 

AIR-TO-AIR  - good  in  pitch,  but  trouble  with  aileron 

TRACKING  control. 


GROSS  MANEUVERING  - rolls  pretty  nicely. 

- can't  roll  as  fast  to  the  right  - perhaps 
due  to  hand  geometry. 

SIAWARY  - tendency  to  rock  the  wings  during  tracking 

and  overcontrol  in  pitch  during  close  formation 
unsatisfactory. 


i j 

>fs 
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PILOT  COtttHTS 


PLT  NO. : 
CONFIG. : 


PONCE /NOTION 
PR:  2/S/S/S 


TRIM 

- no  problem. 

STICK  FORCES 

- good. 

ST  ICK  NOTION 

- none  noticed. 

CONTROL  HARMONY 

- no  problem. 

PREDICTABILITY 
OF  RESPONSE 

- okay. 

FORMATION 

- easy  to  fly  formation. 

AIR-TO-AIR 

TRACKING 

- could  hold  it  well  laterally,  had  to 
work  to  hold  it  in  pitch. 

GROSS  MANEUVERING 

- overshoot  about  O.S  g. 

- couldn't  roll  right  and  pull  at  the  same 
time  easily. 

SUMMARY  - don't  like  the  configuration. 

- ailerons  were  a little  bit  heavy. 

- liked  the  pitch  control. 


1S67 

4UA 

N/P 
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PLT  NO. : 
CONFIG. : 

FORCE /MOTION: 
PR:  2/5/ 5/4 

PILOT  COWENTS 


STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUMMARY 

COMCNTS 
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L 


- MS/. 

- no  problem,  good. 

- not  noticed. 

- no  coaeents  initially. 

- no  coaaents. 

- roal  nice,  smooth. 

- very  saooth  in  pitch,  problea  in  holding 
lateral  position  - almost  a lateral  PIO. 

- easy  to  coordinate,  aileron  control  is 
a bit  of  a problea. 

- hard  to  get  a good  right  roll. 

- aileron  control  a problea. 

• haraony  a problea. 

- no  problea  with  turbulence. 


1554 

5UA 

M/S 


PLT  NO. : 
CONFIG. : 
FCRCB/MOTION: 
PR:  2/3/ 1/2 

PILOT  CCMCNTS 


TRIM  - occasional  inadvartant  pitch  input  with 

lateral  tria. 

| STICK  FORCES  - good. 

STICK  MOTION  - not  noticed. 

CONTROL  HARMONY  - good,  rudder  too  sensitive. 

I PREDICTABILITY  - pitch  and  roll  good,  rudder  too  sensitive. 

F OF  RESPONSE 

f 

i 

[ FORMATION  - satisfactory. 

; - use  of  rudder  to  hold  position  duaped 

the  systea. 

AIR-TO-AIR  - directional  control  of  the  pipper 

TRACKING  a problem. 

GROSS  MANEUVERING  - no  problems. 

| SUMMARY  - good  harmony  in  pitch  and  roll. 

| - only  objection  was  the  sensitivity  of 

[ the  rudders . 


TRIM 

STICK  PORCBS 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OP  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SIBMARY 


PIT  NO. : 1S67 

CONFIG. : SUA 

FORCE /NOTION : HfS 

PR:  2/2/3/S 

PILOT  COW NTS 


- MS/. 


- okay. 

- no  consents. 

- okay. 

- okay  in  pitch. 

- had  a f Ml inf  of  apprehension  about  tha  roll,  but 
didn't  have  tha  expected  PIO  problea  in  tracking. 

- no  p rob leas . 

- good. 


- felt  apprehensive  about  the  ailerons. 

- p rob leas  with  using  thuab  for  roll  control 
during  naneuvering. 

- good  pitch  control. 

- light  but  noticeable  turbulence  in  air-to-air 
tracking. 


56 


FLT.  NO.: 
CONFIG. : 

FORCE /MOTION: 
PR:  3/4/3/ 4 

PILOT  CCMCNTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 


- good. 

- okay. 

- navar  noticed  what  stick  aotlon  was. 

- good. 

- raal  fina. 

- saaa  workload  avidant  in  pitch. 

- tendad  to  ovarshoot  slightly. 

- had  to  watch  tha  pitch  a littla. 

- had  to  think  about  flying  it  in  pitch. 

- small  tendancy  to  ovarcontrol  in  pitch. 


1553 

6UA 

N/L 


SUM4ARY 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDITAB2LITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUM4ARY 


PLT  NO. : 1SSS 
CONFIG.:  7UB 
FORCE/MOTION:  H/P 
PR:  4/7/S/7 


PILOT  COMCNTS 


- no  problem. 

- heavy  in  pitch,  light  in  roll. 

- not  noticed. 

- not  bod,  pitch  o little  stiff. 

- tough  tine  holding  o constant  "g"  but 
not  bad  in  the  tracking  task. 

- tendency  to  bobble  in  roll. 

- not  really  satisfied  with  the  performance. 

- hard  to  control  lateral-directional  oscillations. 

- could  not  hold  "g"  constant. 

- some  difficulty  in  roll. 

- tired  arm  in  pitch. 

- lateral-directional  overshoots  were  objectionable. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMA T I ON 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUMMARY 


* 

4 

FLT.  NO. : 1557  ) 

CONFIG. : 7UA 

FORCE/MOTION:  H/F  i 

PR:  S/6/5/5 

PILOT  COMMENTS 

- okay, 

- pitch  okay,  but  lateral  heavy. 

- none  noticed. 

- okay. 

- good. 

- heavy  aileron  force  a problem. 

- trouble  longitudinally  holding  on  the  target. 

- forces  too  high.  | 

- arm  gets  tired  from  heavy  lateral  forces.  j 
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FLT.  NO. : 
CONFIG. : 
FORCE/MOTION: 
PR:  3/4/4/4 

PILOT  COMMENTS 


TRIM 

- easy,  used  in  formation  and  maneuvering. 

STICK  FORCES 

- right  roll  forces  high. 

STICK  MOTION 

- not  much,  okay. 

CONTROL  HARMONY 

- ailerons  too  hesvy,  real  good. 

PREDICTABILITY 
OF  RESPONSE 

- overcontrolling  in  roll. 

FORMATION 

- heavy  lateral  forces. 

AIR-TO-AIR 

TRACKING 

- heavy  lateral  forces. 

GROSS  MANEUVERING 

- heavy  lateral  forces. 

SIAMARY 

- heavy  lateral  forces  tiring. 

1561 

8UA 

H/S 
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FLT.  NO.: 
CONFIG. : 
FORCE/MOTION: 
PR:  2/6/2/S 

PILOT  COM  ENTS 


TRIM 

- good. 

STICK  FORCES 

- comfortable. 

STICK  MOTIONS 

- not  noticed. 

CONTROL  HARMONY 

- no  complaints. 

PREDICTABILITY 
OF  RESPONSE 

- very  good  in  all  but  tracking. 

FORMATION 

- tires  the  arm  but  very  good  generally. 

AIR-TO-AIR 

TRACKING 

- difficult  to  keep  pipper  directionally  on 
the  target  - roll  control  problem. 

GROSS  MANEUVERING 

- good  but  tiring  on  the  arm. 

SUMARY 

- only  objection  was  roll  control  difficulties 
in  tracking  - directional  pipper  problem. 

- little  tiring  on  the  arm  in  maneuvering. 

1565 

8UB 

H/S 
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FLT.  NO. : 1554 
CONFIG.  : 9UA 
FORCE/MOTION:  VH/F 
PR:  7/7/7/7 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUMMARY 


- no  problem. 

- heavy. 

- not  noticed. 

- not  a factor. 

- heavy  laterally,  but  steady. 

- can  trim  it,  works  fine. 

- steady,  but  not  quick  enough  in  rolls. 

- lateral  position  a problem,  sort  of  a 
lateral  PIO. 

- lateral  forces  too  high  in  rolls,  heavy  in  general. 

- solid  airplane. 

- extremely  heavy  both  lateral  and  longitudinal. 
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FLT.  NO.:  1564 

CONFIG.:  10UA 

FORCE/MOTION:  M/f  (C  ■ -25 ) 

PR:  5/7/3/6  Sp 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 


- easy  to  trim. 

- not  a problem. 

- not  noticed. 

- no  problem. 

- okay. 

- unsatisfactory  fn  pitch  because  of  PIO  tendency. 

- PIO  tendencies  in  pitch  a problem. 

- too  sensitive  in  pitch. 

- sensitive  in  pitch  but  ailerons  okay. 

- problems  with  thumb  in  pitch-roll  maneuvers. 


SUVMARY 


1561 
11UA 
M/F  (T 


.2$) 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUM4ARY 


FLT.  NO.: 
CONFIG. : 
FORCE/MOTION : 
PR:  4/4/3/4 


PILOT  COM4ENTS 

- easy. 

- no  p rob leas . 

- stick  moved  a little  in  rolls. 

- good. 

- good,  save  ratcheting  in  right  rolls. 

- some  tendency  to  PIO  at  high  speeds,  aileron  okay. 

- little  PIO. 

- easy,  some  slight  ratcheting  in  rolls. 

- easy  to  handle  and  maneuver. 

- minor  deficiencies  are  tendency  to  PIO  in  pitch 
and  ratcheting  in  right  rolls. 


s 

1 
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nr- 


FIT.  MO.: 
CONFIG. : 

FORCE/MOTION: 
PR:  3/7/ 3/6 


1564 
1 2UA 


M/P  (j  - 1.0) 


PILOT  CONMNTS 


TRIM 

- easy  to  tria. 

STICK  FORCES 

- light,  liked  thea  despite  lateral  PIO  problea. 

STICK  MOTION 

- not  noticed. 

CONTROL  HARMONY 

- no  problea. 

PREDICTABILITY 
OF  RESPONSE 

- okay. 

FORMATION 

- tend  to  wing  rock,  ratchet  in  roll,  lateral  PIO. 

AIR-TO-AIR 

TRACKING 

- pitch  control  okay,  but  lateral  positioning 
was  difficult,  lateral  PIO  present. 

GROSS  MANEUVERING 

- thuab  gets  sore  in  coabined  pitch-roll  aaneuvers 
to  the  right. 

SUMMARY 

- tendency  to  PIO  in  roll,  pitch  no  real  problem. 

FLT.  NO. : 1566 

CONFIG. : 13UA 

FORCE/MOTION:  M/S  (r  • 

PR:  1/2/3/3  R 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

FORMATION 

AIR-TO-AIR 

TRACKING 

GROSS  MANEUVERING 
SUMMARY 


- no  problems. 

- light,  good. 

- noticed  in  the  ailerons,  but  it's  not  bothersome. 

- didn't  like  stick  for  rolling. 

- good. 

- good. 

- wasn't  perfect 1/  stead/  but  good  enough. 

V 

- disliked  stick  grip  for  rolling  which 
degraded  configuration. 

- didn't  like  using  thumb  in  rolls  to  the  right. 

- got  a sore  thumb  from  f lying. 
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i 

k 

t 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUKWARY 


- easy. 

- not  too  heavy,  about  right. 

- none. 

- good. 

- good. 

- easy  to  fly  the  ILS. 

- liked  it,  just  a little  bit  of  a tendency  to 
overcontrol  in  pitch  in  the  flare. 

- overcontrolled  in  pitch  on  the  touch  and  go. 

- forces  good. 

- no  noticeable  objectionable  features. 

- felt  close  to  a problem  with  overcontrolling 
in  pitch. 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


PLT.  NO.: 

1S52 

CONFIG.: 

1LB 

FORCE /MOT  I ON : 

L/F 

PR. 

4 

PILOT  COMMENTS 


- could  be  fester  (1.0  setting  used),  okay. 

- very  light. 

- none. 

- okey,  heevier  eft,  eesier  to  roll  left. 

- good. 

- very  sensitive,  must  be  cereful  on  epproech 
• flere  was  neturel. 

- rudder  too  stiff,  would  like  some  motion. 

- quick  response  in  all  axes  was  good. 

- little  wobbly  end  at  times  too  responsive. 

- primary  deficiencies  were  the  rudder  and 
inadvertent  inputs  in  pitch  and  roll. 
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PLT.  HO.:  1S6S 

CONFIG. : 2 LA 

FORCE /MOT  ION : L/S 

PR:  3 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 
STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


- easily  trimmed. 

- okay. 

- didn't  notice  such  in  pitch,  but  quite  a bit 
in  the  lateral  for  larger  turns. 

- stick  moved  too  such  in  roll  as  compared  to 
the  pitch. 

- some  difficulty  getting  the  proper  pitch  response 
to  coordinate  with  a roll  input. 

- no  problem  with  the  flare  or  touch  down. 

- needed  to  pull  the  nose  up  before  commencing 
to  roll  during  the  closed  pattern. 

- liked  the  light  stick  forces,  was  easy  to  flare. 

- there  was  too  much  lateral  motion  in  the  stick. 
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FLT.  NO. : 1565 

CONFIG.:  2LB 

FORCE/MOTION:  L/S 

PR:  2 


PILOT  COMMENTS 


TRIH 

STICK  FORCES 

STICK  MOTION 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SIAMARY 


- okay. 

- comfortable,  between  light  and  moderate. 

- more  noticed  longitudinal  than  lateral,  no  problem. 

- no  cooMnts. 

- no  problems  in  smooth  air. 

- very  comfortable,  easy  to  adapt  to. 
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FLT.  NO. : 1556 
CONFIG.:  SLA 
FORCE/MOTION:  L/L 
PR:  5 


PILOT  COhWENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SIM4ARY 


- no  problems. 

- okay. 

- noticed  but  not  a factor. 

- no  problem. 

- poor  feel  in  pitch,  tendency  to  overcontrol. 


- flare  was  the  major  problem  where  there  was 
a tendency  to  overcontrol  in  pitch. 

- tendency  to  overbank  in  left  turn  was  bothersome. 

- primary  deficiency  was  associated  with  overcontrol 
in  pitch  in  the  flare. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


FLT.  NO.:  1560 

CONFIG.:  JLB 

FORCE/MOTION:  L/L 

PR:  4 


PILOT  C0M4ENTS 


- good. 

- light  and  comfortable. 

- excessive,  a lot  of  notion  for  a response, 
good. 

- good. 

- top  aileron  requireo  on  turns  to  final. 

- hand  moving  back  and  forth  in  t.ie  flare  - 
oscillatory  type  inputs  to  get  desired  response. 

- comfortable  to  fly,  forces  light. 

- too  much  stick  motion,  not  enough  direct  control  of 
aircraft. 

- noticed  a hunting  motion  in  pitch  sometimes. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SITMARY 


FLT.  NO. : 1S54 

CONFIG.:  4 LA 

FORCE/MOTION : M/F 

PR:  3 


PILOT  COMMENTS 


- no  direct  problem. 

- little  heavy. 

- not  noticed. 

- no  problem. 

- no  problems. 

- PIO  in  flare  whei  attention  diverted  to  trim. 

- must  concentrate  when  triimning  or  it  would  PIO. 

- easy  to  fly  the  ILS. 

- had  to  compensate  just  slightly  or  you  could 
get  into  a pitch  PIO. 


FLT.  NO.:  1567 
CONFIG. : 4 LA 
FORCE/MOTION:  M/F 
PR:  3 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


- easy  to  trim. 

- fine. 

- not  noticed. 

- okay. 

- nc  comments. 

- ILS  not  a problem. 

- main  objection  was  rolling  right, 
required  too  much  strength  in  the  thumb. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


FLT.  NO. : 1566 

CONFIG. : SLA 

FORCE/MOTION:  M/S 

PR:  4 


PILOT  COMMENTS 

- easy  to  trim. 

- light,  no  problem. 

- none,  okay. 

- good. 

- good. 


- a little  bit  of  overcontrolling  in  pitch. 

- small  problem  with  rotation. 

- objected  tc  slight  tendency  to  over- rotate  in 

the  flare  and  ratchet  the  flare  just  a little  bit. 


i 
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TRIM 

STICK  FORCES 
STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


FLT.  NO.:  1566 
CONFIG.:  6 LA 
FORCE /MOTION:  M/L 
PR:  4 


PILOT  COMMENTS 


- easy  to  trio. 

- very  light,  good. 

- noticed  slop  in  the  ailerons,  not  desirable  - 
some  in  pitch  but  not  as  much  of  a problem. 

- no  problems. 

- little  slow  to  respond,  too  much  motion  required. 


- had  to  work  quite  a bit,  particularly  in  the  flare. 


- easy  to  fly  ILS. 

- no  trouble  with  thumb. 

- sloppy  stick  was  objectionable,  especially  laterally. 


j FLT.  NO.:  1555 

j CONFIG.:  6LB 

FORCE/MOTION:  M/L 

PR:  2 


PILOT  COMMENTS 


TRIM  - okay. 

STICK  FORCES  - low  and  comfortable. 


STICK  MOTION 


large,  but  not  a problem  in  pitch  and  roll. 


CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 


good. 

toward  the  sloppy  side, 
no  tendency  to  overshoot. 


GENERAL  AIRPLANE  - good. 

CONTROL 


StAMARY  - a little  bit  sloppy  or  sluggish  but  not 

objectionably  so. 

- no  objectionable  features. 

- easy  to  fly  with  no  special  thoughts. 
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TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUKMARY 


FLT.  NO.:  1561 
CONFIG.:  7 LA 
FORCE/MOTION:  H/L 
PR:  7 


PILOT  COMMENTS 


- fly  it  with  the  trim. 

- too  heavy  in  both  axes . 

- didn't  notice  any. 

- both  heavy,  okay. 

- predictable,  but  too  much  work. 


- tendency  to  PIO. 

- seems  to  require  large  force  to  hold  bank  angle 
in  a turn  - wants  to  overturn. 

- instrument  flying  no  problem. 

- flare  and  touch  down  were  problem  areas 
due  to  high  forces. 

- must  use  trim  because  of  heavy  forces. 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONv 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 

SUMMARY 


FLT.  NO. : 1563 

CONFIG.:  7 LA 

FORCE /MOT  ION : H/L 

PR:  4 


PILOT  COMMENTS 


- easily  trimmed. 

- higher  than  desired  in  both  axes,  but  especially 
on  the  ailerons. 

- not  noticed. 

- okay,  equally  heavy. 

- good. 

- flew  pretty  well,  especially  on  the  ILS  approach. 

- flare  and  touch  down  were  pretty  easy. 

- aileron  forces  were  too  high. 

- difficult  to  hold  aileron  forces  in  the  outboard 
direction  with  the  normal  motion  of  the  hand. 
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FLT.  NO.:  1560 

CONFIG.:  7LB 

FORCE/MOTION:  H/F 

PR:  6 


PILOT  COfffiNTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSES 

GENERAL  AIRPLANE 
CONTROL 

SUKWARY 


- used  trim  more  than  normal,  oka/. 

- heavy. 

- not  noticed. 

- good,  both  heavy. 

- not  too  good,  a lot  of  force  required  to  get 
the  aircraft  moving. 

- slight  tendency  to  bobble  in  pitch  in 
the  flare  and  touch  down. 

- large  force  required  in  pitch  for  the  closed  pattern- 

- felt  "stiff*'  in  pitch  and  roll. 

- required  lets  of  trim  due  to  heavy  forces. 

- a lot  of  effort  required  to  get  the  desired 
initial  response. 


FLT.  NO.:  1556 

CONFIG.:  8 LA 

FOK2/MOTION:  H/S 

PR:  6 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILIT, 

OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 


- good* 

- pitch  okay,  but  ailerons  t o heavy. 

- noticed  in  roll. 

- poor,  coula  nov  seem  to  apply  simultaneous  inputs. 

- aileron  response  too  slow  and  sloppy. 

- easy  to  balloon  in  the  flare  because  of  the 
attention  required  in  roll. 

- poor  harmony  and  heavy,  sloppy,  lateral  control 
wai  major  objection. 


SUMMARY 


PILOT  COWfcNT 


| 

f 

t 

k 

1 


TRIM 


not  used. 


STICK  FORCE 
STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 


- heavy. 

- noticed  heavy  "glue  pot"  type  motion,  moved  a 
little  but  required  a large  force. 

- good. 

- relatively  good,  a little  tendency  to  overshoot 
in  pitch. 


GENERAL  AIRPLANE 
CONTROL 


SUNMARY 


- easy  to  fly  ILS. 

- tendency  to  overrotate  in  the  flare  and  bobble 
as  well  as  balloon. 

- touchdown  predictability  was  poor. 

- liked  the  side  stick  motion  - seemed  to 
harmonize  nicely  with  the  traffic  pattern. 

- control  forces  were  too  heavy  and  controller 
too  viscous. 

- had  to  compensate  for  the  tendency  to  over- 
rotate  a little  in  the  flare. 


L 


J 
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FLT  NO. : 1S57 
CONFIG.:  9 LA 
FORCE/MOTION:  VH/F 
PR:  7 


PILOT  COMMENTS 


TRIM 

STICK  FORCES 

STICK  MOTION 

CONTROL  HARMONY 

PREDICTABILITY 
OF  RESPONSE 

GENERAL  AIRPLANE 
CONTROL 


- no  problem. 

- too  nuch  force  in  roll  end  pitch. 

- no  consents . 

- both  bed,  no  problem. 

- okey,  too  heevy. 

- ILS  no  problem. 

- forces  objectioneble,  hed  to  use  trim  to  flere. 

- criticel  tesk  is  the  flere  end  touchdown. 

- stick  forces  ere  heevy,  heevy. 


SUMMARY 


FLT.  NO. : 15S9 

CONFIG.:  9 LA 

FORCE/MOTION:  VH/F 

PR:  7 


PILOT  COMMENTS 


TRIM  - okay,  used  a lot. 

STICK  FORCF.S  - pitch  and  roll  forces  too  high. 

STICK  MOTION  - not  noticed. 

CONTROL  HARMONY  - no  comments. 


i 

\ 


I 

i 
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PREDICTABILITY 
OF  RESPONSES 

GENERAL  AIRPLANE 
CONTROL 


SUMMARY 


- good,  but  forces  too  high. 

- very  stable  aircraft. 

- a lot  of  trim  required  to  get  a good  flare 
and  touchdown,  otherwise  overcontiol led. 

- ailerons  were  not  much  of  a problem. 

- stick  forces  too  heavy  - had  to  use  trim  to  flare. 


